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The goal of this project was to understand the responses of phytoplankton to variations in
irradiance so as to describe how physiological and optical characteristics of phytoplankton reflect
physical forcing and particle dynamics. The application of this understanding is in using optical
measurements to describe physical-biological coupling in the sea. The objectives of the program
were to interpret measurements of fluorescence, beam attenuation. and photosynthesis versus
irradiance (P-I) in terms of primary productivity, photoadaptation and particle dynamics in the
euphoric zone. The context was photic variability induced by vertical mixing. Consideration was
also given to the artifacts of experimental work at sea, including those associated with static bottle
incubations that do not mimic vertical mixing in nature.

Effort was expended principally on novel analysis of previously-collected data from
laboratory experiments and field sampling. Some collaborative experiments were also performed,
and measurements were made during a multidisciplinary cruise to study a Gulf Stream meander. In
addition, the principal investigator acted as co-chair of and contributor to an international scientific
symposium to examine the controversial hypothesis that iron limits the growth of phytoplankton in
large parts of the ocean. This contract also supported a continuing and productive collaboration
with Marion R. Lewis of Dalhousie University.

Good progress was made toward describing the responses of phytoplankton to
environmental variability. Results of laboratory experiments were used to describe physiological
and biochemical changes of phytoplankton induced by changing irradiance on time scales from
seconds to days. Responses were analyzed in the context of vertical mixing to describe procedures
for estimating the rate of vertical exchange by measuring the distributions with optical depth of
different biological properties. This approach was employed to demonstrate that vertical motions in
the photic zone of the equator and northwest Atlantic were relatively slow compared to the rate of
adaptation of phytoplankton, except in wind-mixed surface layers. As a result, phytoplankton were
generally well adapted to their ambient photic environment, so that steady-state models of
photosynthesis and growth could reasonably be applied. Theoretical studies complemented this
work by attempting to describe growth and light absorption as a function of daylength, irradiance,
nutrients and temperature. Other studies focused on the optical changes of phytoplankton induced
by bright light, and how these changes would influence the interpretation of optical measurements
with in situ fluorometers, transmissometers, and flow cytometers. Detailed analysis of data from
the equatorial Pacific, complemented by results of laboratory experiments, showed how changes in
the optical properties of phytoplankton could substantially influence estimates of photosynthesis,

S(0• growth rates and particle dynamics as determined from changes in beam attenuation. Several other
E N• optical estimates of near-surface properties were shown to be influenced by light-induced changes
?• | in phytoplankton. Interpretations are further complicated by the large potential error in conventional

measurements of near-surface photosynthesis during vertical mixing. Directions for future research
were clearly described.

EhihiThis project paralleled and complemented major developments in technologies for bio-

optical measurements in the ocean. Many of the observations, analyses, ideas, and caveats
(f •1 resulting from this contract are likely to be considered as the interpretations of optical

"measurements are developed and refined in the coming decade.
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from recordings of solar-stimulated fluorescence in the tropical Pacific during the WEC88 cruise.
The Oceanography Society, Monterey, CA (poster).
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Public Service and Information Transfer

Convener of Special Session, AGU/ASLO: Biological Interpretations of Optical Measurements,
1988

Editorial Board, Journal of Marine Systems (1990 - ), Journal of Plankton Research (1990 -)

National Research Council/National Academy of Sciences Workshop: Commentator and
Rapporteur, Nov. 1990

The Oceanographic Society Meetings Committee, 1988 - present.

Co-chair, ASLO Special Symposium, "What Controls Primary Production in Nutrient-Rich Areas
of the Open Sea?" San Marcos, CA, 1991.


